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interrogator-responder signalling 

to 1. ^ . . SYSTEM 

Kopyrt A, KJeist, Siiiinj'vale, anti Clarence S* Jones, Los 
Altos, Calif., assignors to General Precision, Inc., 
Binghamton, N.Y,, a corporation of Delaware 
Filed Feb. 15, 1960, Ser. No. 8,557 
2 Claims. (Cl. 340-^171) 


Tills invention relates to interrogator-responder signal- 
ling systems, and more particularly, to an improved 
system employing transmission of a single sideband modu: 

a passivc-.respondcr which prWides a coded 
response. which is coherently detected at or near 
Appl. Ser. No. 739,909, filed June 
4 , 1958, by Clarence S. Jones for “Signalling System” 
^d assigned to the same assignee as the instant inven- 
tion, discloses an improved interrogator-responder system 
capable of electronically transmitting data between an 
interrogator device and one or more responder devices, 
where relative motion may occur between the interro^ 
gator device and each responder, so that signals may be 
provided from the responder which uniquely identify the 
responder, and, or instead, indicate one or more condi- 
tions associated^ with the responder. One exemplary dis- 
closed application, of the prior invention is the ifse of 
passive responder devices on vehicles, such as railroad 
box cars, for the purpose of identifying each car as it 
passes along a track adjacent to which an interrogator 
unit is^ located. The interrogator unit is essentially a 
transmitter-modulator connected to supply an interro- 
gator signal on an interrogator frequency to an interro- 
gator output conductor which is located near or under 
the railroad tracks. Wlien a boxcar carrying a responder 
approaches and passes over the interrogator coil, operat- 
ing voltage of suiHcient ma^itude is induced in the re- 
sponder to cause emission by the responder of a coded 
?^Snal on a response frequency difTering in fre- 
qu^cy Ircih the interrogator frequency. A response 
pickup coil located near the mten ogator coil and tuned 
to the response frequency picks up the response signal, 
which^ consists of a radio frequency carrier having a 
plurality of audio frequencies modulated thereon. Each 
individual responder is designed so as to use a unique 
and different set of audio frequencies in modulatin<^ its 
response carrier, so that detecting and decoding a re- 
sponse signal may serve to identify a responder. Appara- 
tus of the above-described type is marketed under the 
trademark “Tracer” by the assignee of this application. 

Due to a number of reasons considered in detail* in 
previous applications, the described apparatus is more 
accurate and reliable than prior systems and far less sus- 
ceptible to noise than prior systems. The system also has 
much greater^ inherent “system capacity” without equip- 
ment duplication and with minimum bandwidth, and thus J 
IS economically superior to prior systems. System 
capacity refers to the number of different responders be- 
tween which the system can distinguish. Tlie present in- 
vention is an improvement over prior systems in that it 
provides systems of even greater accuracy and reliability i 
which are^even further less susceptible to noise. Any 
system which is more immune from noise than another 
system may be designed to use less power and/or band- 
width while still providing equal accuracy and reliability. 
One main feature of the presbiit invention which allows t 
increased- accuracy is coherent detection. Coherent de- 
tection itself is widely used in missile communications and 
various other applications, and, in fact.- appl, Ser. No 
850 pa, filed November 4, 1959,' by Robert A. Kleist 
for *Signallhig System” illustrates various ways in which 1 
coherent detection may be utilized in interrogator-re- 
sponder signalling systems ol .he above-described type. 


■ The previously proposed interrogator-responder systems 
using coherent detection, however, ail have contemplated 
use of double sideband interrogation transmission and 
relatively complex response receiver circuits. The use 
6 of single sideband techniques allows great increase in 
system^ capacity and/or a great redaction in required 
bandwidth and power. The present invention allows use 
of coherent detection in a single sideband system that is 
notably simple, inexpensive and foolproof, and the 
r 10 present system allows the use of improved single sideband 
1 transmitter and responder circuits. 

- ' FIG, 1 is^ an electrical schematic diagram partially in 
i block form illustrating an exemplary embodiment of the 

r invention. 

^ ® spectrum graph illustrating the character- 

istics of a typical interrogator signal developed by the 
“ interrogator unit of the invention, 

t Showm in FIG. 1 within dashed lines are the three 
i major sections of the system, the interrogator unit being 
, 20 shown at 101, a typical responder unit at lOS and the 
resi^nsc receiver at 111. Though shown as separate 
sections in the drawing due to tlieir separate functions, 
the interrogator unit and receiver units may be mounted 
principally on the same chassis, if desired, in many em- 
25 bodiments of the invention, 

^ The interrogator 101 is shown as comprising an 
improved form of single sideband interrogator transmit- 
ter unit of a type described in detail and claimed in the 
copending application Ser. No. 15,597 filed on even date 
30 herewith by Robert A. Kleist for “Signalling System” 
and assigned to the same assignee as the present Inven- 
tion. The transmitter comprises a radio frequency carrier 
oscillator 102 which provides a carrier signal of frequen- 
^ plurality of sideband oscillators, three of 
35 which (103, 104, 105) are shown in FIG. 1. Many 
more than three sideband oscillators may be provided, 
however, and only three are shown solely for sake of 
convenience.^ Carrier oscillator 102 and each of the 
sideband oscillators arc preferably crystal controlled at 
frequencies, the first sideband oscillator 
103 being set at frequency (/o+/i), the second sideband 
oscillator 104 being set at frequency (/o+/s), etc., with 
the earner frequency /o and each sideband frequency 
being applied through a respective scaling resistor (R-1, 
45 R-2, R--3, R-4) to a signal summing device shown as 
comprising a conventional feedback amplifier U-l, having 
a f<;edback impedance R-5, The signal output voltages 
from tnc difLereot oscillators and the scaling resistors are 
^ proportioned relative to each other so as to provide a 
desired modulation pattern. If ten sideband oscillators 
are uUlized, a sum signal such as that illustrated graphi- 
cally in FIG. 2 may be provided. The sum signal output 
from summing circuit U— 1 corresponds in nature to the 
-e ^ conventional single sideband transmitter. 

amplified in linear power amplifier 
105 (kept fairly linear in order to preserve relative side- 
band amplitudes) and applied to interrogator output or 
power-inducing coil 107, establishing a signal field at a 
certain identificalion zone along the railroad tra;ks, so 
OQ that any res^nder coining within the effective identifica- 
tion zone will be excited by the interrogator signal It 
Will be seen thaf: the •ilscloscd transmitter arrangement 
allows provision ot *. ’ ingle sideband signal 'vilhoiit use 
of a modulator, -.y jse exclusively of radio frequency 
65 oscillatoi-s whei .. j ric r single sideband systems required 
audio oscillaton; and jrodulators. 

TOe rcspo.ndo:* illistratcd in FIG. 1 is shown as in- 
cluding an input ttnicd circuit 109 comprising inductor 

»TA which is tuned to receive the 

70 earner and all sideoand frequencies of the interrogator sig- 
nal Connected to tuned circuit 109 is a coding network 
shown as comprising two crystal filters F-1 and F-2, each 
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^ individual scrics-resonance 
ftcquency corresponding to a different one of the ten side- 
band frequences of the interrogator signal, ^he crystals 
«em to short tuned circuit 109 at thl two seSteS^S 
qucncies, so that the voltage induced in the responder 'md 
present between points A and B will contain rmp^enu- 
frenn ^ /q and ail interrogator sideband 

^ demodulation, by the demodulator 

shown as comDrisine dindft ^ ^ 


4 


Youage exists between points C and D havinr all 

frn^ ^ component resulting 

from detection of the carrier. The comUite voltageh 
applied as shown to operate a response oscillator com- 

Tes'stoVR^*^***^ dl®- ‘ieWer coil L-3, 

If annL^'l ^"d capacitor C-4. The composite voltage 
through tai^ circuit 110 across the collector- 
emitter circuit of transistor T-l, so that the audio comno- 
nents not filtered out nr** ^ 


® parallel digital signal. The voltage 
on each conductor may be applied through a respective 

and used tfSalc 

a respective stage of a register. 

sisnal of amplifier 113 also may be applied 
ti«ni ^*™°du<ator (not shown), such as a conven- 
gain control AGC circuit, to derive an automatic 

f^enpfh commensurate with received signal 

_ g . rbe AGC potential may be compared with a 
bv mcanq of a . .T 


to as comprising diode X-l and a co^^ 10 compared wirh "; 

I>osite voltage exists between points C and n ^ of a difference detector or thresholt 

components/,. etc., un to to) which in turn may conffWS S 

or amplifier 106, the condition of gnting ciicuits (net 
s own) connected between conductors 120-122 etc anc 

adapted to^o,^ 

It will thus be seen that the objects set forth above 
emitter circuit of transistor T-l, so that the audio^comno.' ® ^pprent from the preceding descrit ' 

rents not filtered out are modulated upon Uie carrier pro- 20 be made In ^ attained, and since certain changes ma 
duced by the response oscillator. 'Whne two filters^are fromthA ci^ the above constructions without departin' 
illustrated as the codin., mi-nnc cr/-< , .. 7 ,’. ®cope of the invention, it is int^ndod - 


— . vui oic juuuuiaK 

Illustrated as the coding means in FIG. 1 it will bp „n 
derstood that some responders may use Uy one fihcT 

e^? mav use fi !i dftot SlSnd-’ 

ord/'r tKof ^ ^fferent sideband frequencies, in 26 

differeSly. ?f SL'fred' 

emanating from responder 108 

U^in re'® interrogator signal is picked 

Up in response mckim nmi it'? ^ . . 


«uuyc i^uuMHjcuons witfiout departlnjc 

a.T:s"f ■* 

described our invention, what we claim as new 
and desire to secure by Letters Patent is: 

1. An interrogator responder signalling system enm- 
a transmitter unit for providing an 
mtenogator s.^al comprised of an interrogator Sr 

^^iiip^nent and a first tiiiiroiitw pf .ti.A*... .-j • . 


wm e n is operated by the interrogator signal is nicked IntP^pn ® iransmitter unit for providing a 

up in response pickup coil 112. which miy be £ed 30 .^'f interrogator carei, 

very near mterrogator coil 107. The picked^ up response ” ^ m ‘I ^ first plurality of discrete sideband con 

signal is amplified, if desired, by ampHfier U3^and^?b^ said tansmitter unit including a carrier fre 

.»li.d .0 a pl»,.lj„ of coav’enLTSoLu" ,t° »' S 

tors, such as 117. 118 and 119. A separate synchronous interrogator output circui 

f Prov^ed for each sideband frequency utilized 35 said intermM?ar components and cmittinj 

system. The output signals of carrier oscillator 103 to said tnnf ® responder unit movable relative 

and each of the sideband oscillators are routed to a nto. K=>"f>‘“«r unit, said responder unit haviurre 

rality of conventional mixer circuits, such as 114 US ii6 «io pnerating means operated by said interro- 

a separate mixer circuit being provided for cS Sand fa-! ef are within a sclEd St 

frequ^cy utnfred in the system. Each Ser dS 40 resp^n^^^^^ 

sideband frequency to freouEf ^ ^ response earner component differinrto 
Ob am their difference, and the difference frSney out secEptom.r''r “rrier componeD[ afd a 

put irom each mixer as applied as one input of a reswetive reE.^r • ^ ^ components- and 

synchronous detector. For example, earner freauE/^ sa d coded res^otse 

Md sideband frequency (fo-hfi) are' combined in mfxe? 45 ciSEaU^'''" T®”® “^uding a plurality of mixer 
114 to provide a difference signal of frequency /, which sidchind ^rst plurality of discrete 

IS applied as oae input to synchronous detector 117 to f components; circuit means connecting the cirriar 

iated frequency of each lower frequency modii- CO quen’ey si-^tols mcans_ connecting the sideband fre- 

ated on the response carrier depends directiv on the nT,-! CO from said sideband frequency eencratiiur 

and frequency relationshin, heL™ i!! respective mixer circuits thLl.? .f 


i=r.T “V 4 uraoy 01 each lower frequency modii- 

anj response carrier depends directly on the phase 

ind relationships between the original cLrier 

oscillator frequencies of the interro- 

to *'®f®re.nce signals for tlic synchronous de- 
tectors will allow the synchronous detectors to reject as 
whteh^« continents of the amplified response signal 
7hin ^t proper phase and freque^y relatfom 

ships to the original signals. Mixi.ng of the carrier sisnal 
inZ'^ sideband frequency provides sura and differ! 
sidTsan°?f’^“‘^*^* ®® carrier frequency and tlie 

S'i;^d5r"a “1“ r" ■» ■>“>'1 ™d«i; 

U n proaucts. A I other frequencies produced bv thp 

‘fian the difference 
fi cy, w simple arid inexpensive low-pass RC filtpr 
means may be used to filter ouTall but the ^sled differ 
enco frequency component. Such low-nass filtfrc 
shown separately in FIG. 1 at 131 13 ^ and 133 h* t 
many embodiments they will comDrise at In.t • ^ 
merely load resislance and str.ay capacity Thp* « 

signals from the synchronous detectors cn condljtors SI • 


- cuiu smeoand frequency fiencrafin 

Su aTitv‘’ord?r''^" thereby to® S 

to said r«ir rteE mE?totSS®d ITZt 
Srenw frequeLy°“lf “‘^'^dual one of sah 

2. Apparatus according to claim 1 in ^ i, 

co.„pon.„.. col7lLZ°X':r°‘^‘'"'^ 
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FIGURE 2 









